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Purpose
The aim of this study was to evaluate the clinicopathological characteristics of uterine leiomyosarcoma (LMS) and possible prognostic factors.
Materials and Methods
This study included 31 patients with histologically proven LMS at Samsung Medical Center and Ajou University Hospital between 1994 and 2007. The medical records and available histological slides were reviewed retrospectively.
Results
The median age was 46 years (range, 32�63). The most common symptom was vaginal bleeding (11 patients, 35.5%). There were 23 patients with stage I, one patient with stage III, seven patients with stage IV disease. The median follow up time was 29 months (range, 1� 94). The most common recurrence site was lung (5 case), followed by pelvis and upper abdomen (2 case). Nine patients died of disease with a 5-year overall survival rate of 63%. Early tumor stage and mitotic count were the prognostic factor in univariate analysis (p<0.0001 and p=0.0031, respectively), but early tumor stage only was associated with prognosis in multivariate analysis (p=0.010 vs p=0.143). Adjuvant treatment for early stage disease did not decrease the recurrence rate (p=0.1075), but high mitotic count (15>10HPF) had a trend for disease recurrence in early stage LMS (p=0.0859).
Conclusion
Mitotic count less than 15/HPF in early stage may be related with longer progression-free interval, but we could not reach the conclusion that adjuvant therapy in early stage LMS be effective. 
I n t r o d u c t i o n
Uterine leiomyosarcoma (LMS) is a rare gynecologic malignancy, comprising about 1% of all uterine malignancies and 25~36% of uterine sarcomas (1) (2) (3) . LMS is generally considered a highly malignant neoplasm with 5-year survival rate of 18.8% to 65% for all stages of disease (4, 5) . The most frequent symptoms of uterine LMS are abnormal vaginal bleeding and palpable mass followed by weight loss and weakness (3) . Intraoperative visual distinction between leiomyosarcoma and large leiomyoma is nearly impossible (6), therefore leimyosarcoma is often diagnosed at postoperative histologic evaluation of hysterectomy or myomectomy specimens.
While LMS is usually diagnosed at early stage, its prognosis is poor due to frequent recurrence, especially at distant sites. The treatment choice for uterine LMS is surgical removal such as total hysterectomy and bilateral salpingo-oophporectomy, however, surgical staging appears to be less important due to rather frequent hematogenous spread (7) .
Adjuvant therapy including chemotherapy and/or radiation therapy has been used to reduce recurrence, but its clinical efficacy is uncertain, especially in early stage (3, 8, 9) .
Different prognostic factors such as age, menopause status, mitotic count, adjuvant therapy have been reported in uterine LMS, but these factors as prognostic factors remain controversial except for tumor stage (3, 9) .
The aim of this study was to evaluate the clinicopathological characteristics of uterine LMS and possible prognostic factors.
M a t e r i a l s a n d M e t h o d s
This study included 31 patients with histologically proven LMS at Samsung Medical Center and Ajou University Hospital between 1994 and 2007. The medical records were reviewed for demographic information, presenting symptoms, treatment, mitotic count, and survival analysis. Available histological slides were also reviewed by one pathologist (Kim JH). The Institutional Review Board approved this study. LMS was defined histologically by a presence of two of the three following criteria: (1) significant nuclear atypia, (2) greater than 10 mitotic counts per 10 high-power field (HPF), and (3) coagulative tumor cell necrosis (10) . The modified 1988 FIGO staging for endometrial cancer was used for this disease.
Total hysterectomy was performed in all patients. However, salpingo-oophorectomy(either bilateral or unilateral) and lymph node dissection were not performed in all patients. The decision to perform adjuvant therapy (chemotherapy or radiation therapy) was based on the attending physician's judgment. Treatment of recurrent disease consisted of chemotherapy and/or cytoreductive surgery if accessible.
All patients were followed up at 3 month's interval during the first 2 years, at 6 month's interval for the following 2 years and annually afterwards. Abdominal and pelvic computed tomograpys (CT) or magnetic resonance imaging (MRI) was performed 6 month's interval during the first two years. In cases of clinical suspicion of recurrence, CT or MRI was repeated regardless of the interval from the previous radiographic imaging.
Correlation between mitosis and stage was tested using Chisquare test. The end point of overall survival (OS) and disease free survival (DFS) were used for analysis. Survival probabilities were calculated by the Kaplan and Meier Method. Univariate analysis was performed using the log-rank test. Cox proportional hazards regression was used to identify independent prognostic factors. p values of less than 0.05 were considered statistically significant.
R e s u l t s
A total of 31 patients with uterine LMS were included in this study. Patient characteristics are summarized in Table 1 (TAH) with or without bilateral salpingo-oophorectomy (BSO), and eight patients with stage I disease had pelvic lymphadenectomy, in whom lymph node metastasis was proven pathologically in none. Thirteen patients had preservation of at least one ovary ( Table 2 ). The median follow up time was 29 months (range, 1�94). Five patients with stage I and two patients with stage III and IV had disease recurrences. The most common recurrence site was the lung (five cases), followed by pelvis and upper abdomen (two cases). Six patients with stage IV had persistent disease after initial treatment. Nine patients died of disease with a 5-year overall survival rate of 63% (Fig. 1) . The median mitotic count of all patients was 15. Table  2 shows the significant relationship of stage and mitotic count (p=0.01). Patients with stage I disease had 5-year OS rate of 88%, and patients with stage III-IV had 2-year OS of 18% (Fig. 2) (Fig. 3) . Although high mitotic count (>15/10HPF) was not associated with a progression-free interval in early stage LMS (Fig. 4, p=0.0859) , it showed at least a trend for disease recurrence in early stage LMS.
D i s c u s s i o n
Uterine LMS is rare female neoplasms and is considered highly malignant due to high metastatic capacity and recurrence rates even if diagnosed at early stages (2 diagnosed at an early stage, they have the propensity for early vascular space invasion and distant hematogenous metastatis (11, 12) .The most common distant metastasis occurs in the lung and the abdomen. Our results also showed five cases of lung metastasis out of seven recurrences. At present, TAH and BSO is the only treatment with proven curative value for early stage LMS (13). Our initial treatment for patients with LMS included surgery for all patients. Pelvic lymph node dissection was performed in only eight patients (25.8%), because lymphadenectomy has not been shown to be therapeutically or prognostically significant (14) . Our results also showed no lymph node metastasis in all eight cases. Spread of leiomyosarcoma is mainly hematogenous, so surgical staging appears to be less important.
The issue on ovarian preservation in young women with early stage disease is somewhat controversial. According to Giuntoli et al., ovarian preservation did not adversely affect survival (15) . We also found that ovarian preservation did not show increased disease recurrence (p=0.63) in early stage disease. Therefore grossly normal ovary may be saved in young patients with early stage LMS.
Several chemotherapeutic agents such as ifosfamide and adriamycin have been found to be effective in sarcomas, but they can be only palliative of disease-related symptoms in advanced or recurrent LMS (16) . We also used cisplatin plus adriamycin regimen or cisplatin plus adriamycin plus ifosfamide in advanced stage disease. Although chemotherapy and radiation therapy may induce favorable responses in recurrent cases, these modalities did not exhibit an improvement in disease-specific survival (17) .
The influence of mitotic count on prognosis remains controversial. Nola et al. and Blom et al. reported no significant correlation between mitotic count and prognosis (18, 19) . Larson et al., however, found mitotic count to act as a strong predictor of survival (20) . In the Gynecologic Oncology Group (GOG) study, mitotic count was the only factor significantly related with progression-free interval in early stage LMS. In univariate analysis, we found a statistically significant association between mitotic count and overall survival (Fig. 2, p=0.0031 ), but not in multivariate analysis (p=0.143).
Contrary to the study by Mayerhofer who used more than 10/10HPF as a high mitotic count criteria, high mitotic count in our study (>15/10HPF) was not associated with progression-free interval in early stage LMS (Fig. 4, p=0.0859 ), but this discrepancy might be probably due to the small number of patients in our study (n=23), and at least we could assume that high mitotic count (>15/10HPF) has a trend for disease recurrence in early stage LMS. Wu also reported a trend toward improved survival in patients with mitotic count less than 15/10 HPF (21). Furthermore, we found a statistically significant interaction between mitotic count and tumor stage (p=0.01).
In our study, 5-year OS rate was 63%, and this is consistent with those of Salazar et al. and Bazzocchi et al., who reported 5-year OS rates of 63% and 62%, respectively (22, 23) . In both studies, 80% of patients were with stage I tumors, similar to our investigation with a total of 74.2% being with stage I tumors.
Patients with advanced stages (III, IV) had much worse prognosis than patients with early stage, and this result is consistent with reports by others (7, 15, 21) .
The 5-year OS in early stage LMS seems somewhat higher in our study than in the larger study (15) , but this is probably because the patients' distribution was skewed toward mitotic count less than 15/10 HPF, and there was only small number of patients in this study. Our study is limited by the relative rarity of this disease, but we could see that early tumor stage still has an important prognostic significance.
The value of adjuvant radiation is controversial. The purpose of post-operative radiation therapy in this study was for improving tumor control in the pelvis, based on the report by Knock et al. (24) , who reported 72.4% local control rate in LMS. In this study, fifteen patients (65%) out of 23 stage I LMS received radiation therapy and/or chemotherapy as adjuvant therapy. Nonetheless, five patients (21.8%) had distant site recurrence despite adjuvant therapy. Although there is small number of patients enrolled in our study, there seems to be little evidence that adjuvant therapy changes the disease free survival (8) . There was no disease recurrence in patients who received no adjuvant therapy. This would probably be related with the high mitotic count in patients who had disease recurrence. Gadducci et al (25) . also reported tumor recurrences of 38% in stage I uterine LMS regardless of adjuvant therapy. Contrary to malignant mixed Mullerian tumor or endometrial stromal sarcoma, adjuvant postoperative radiation therapy was less effective in decreasing local recurrence in LMS because pulmonary metastases are more common than local recurrences (4). 
C o n c l u s i o n
The early tumor stage (i.e., stage I) had a favorable prognosis in uterine LMS. Mitotic count less than 15/HPF may be related with longer progression-free interval in stage I disease, but we could not reach the conclusion that adjuvant therapy in early stage LMS be effective. Continued investigation for other prognostic factors and more effective adjuvant regimen or agent would be necessary for the management of this rare neoplasm.
